Oxidative/antioxidative imbalance and chronic inflammation are the main contributors to the pathogenesis of chronic obstructive pulmonary disease (COPD). This study evaluated the effect of recuperating lung decoction (RLD) on inflammation and oxidative stress in rats with COPD induced by cigarette smoke and lipopolysaccharides (LPS). We used intravenous infusion of LPS combined with cigarette smoke exposure as a COPD rat model. We observed that RLD treatment increased the protein level of GSH and the ratio of GSH/GSSG but decreased 8-OHdG and 4-HNE in the serum. Furthermore, RLD significantly inhibited the expressions of IL-1β, IL-6, TNF-α, and TGF-β induced by cigarette smoke exposure, reduced the number of inflammatory cells in the bronchoalveolar lavage fluid, and alleviated the severity of cigarette smoke-induced emphysema. Mechanistically, RLD treatment prevented disease through downregulation of phosphorylated-ERK and Nrf2 expression, which regulates the production of proinflammatory cytokines. RLD treatment exerted a dramatic therapeutic effect on COPD. This study revealed a mechanism that RLD functions on the regulation of ERK signalling to inhibit inflammation.
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| INTRODUCTION
Chronic obstructive pulmonary disease (COPD) is a common but preventable disease characterized by persistent respiratory symptoms and airflow limitation. COPD is the fourth leading cause of death in the world and is predicted to become the third leading cause of death by 2020. 1 More than 3 million people died of COPD in 2012, and this number accounted for 6% of all deaths globally. 2 With the increasing prevalence of smoking in developing countries and aging populations in high-income countries, COPD is expected to worsen over the next 30 years, and over 4.5 million annual deaths caused by COPD are predicted to occur in 2030. 3, 4 Many drugs are used for COPD treatment. However, side effects are widely observed during treatment with these drugs. For instance, dexamethasone, a steroid drug, results in skin ecchymosis, high blood pressure, severe infection or peptic ulcer, and other side effects, although it is effective in treating the disease. Therefore, alternative therapeutic strategies that do not have side effects are required. In this context, herbal medicine, acupuncture, and other substitutive therapies have been examined in clinics. 5, 6 Chronic inflammation and oxidant/antioxidant imbalance are important mechanisms of COPD development. 7, 8 Cigarette smoking is a commonly encountered risk factor for this disease. The smoke of each cigarette contains more than 5000 chemical compounds and 10 9 free radicals. 10, 11 Numerous studies have shown that free radicals Through these means, Nrf is free to translocate to the nucleus and induce the expression of antioxidant genes. 20 Therefore, the ability of Nrf2 to regulate antioxidant and antiinflammatory response could be a mechanism for the regulation of the pathogenesis of COPD. Nrf2 is a direct substrate of ERK, which triggers Nrf2 phosphorylation and subsequent Nrf2 nuclear translocation. 21, 22 ERK and Nrf2 signalling pathways are important in cigarette smoke-induced COPD. [23] [24] [25] In traditional Chinese medicine, the development of chronic lung disease is believed to be closely related to lung and spleen functions. Recuperating lung decoction (RLD) is a traditional Chinese medicinal compound formed under the classic theory of traditional Chinese medicine; it has demonstrated a significant prognosis effect on COPD therapy. [26] [27] [28] [29] In our previous studies, we used COPD rat models 30 to demonstrate that RLD and its derived prescriptions help scavenge oxygenfree radicals in rat serum 31 and improve the inflammatory state of the airways and lungs of rats with COPD. 32 The current research aims to determine the biological function of RLD in regulating oxidant-antioxidant imbalance and inflammation in COPD rats and reveal the possible molecular mechanism of the inhibition of oxidative stress and inflammation.
| MATERIALS AND METHODS

| Plant materials and preparation of RLD
The herbal components of RLD were purchased from Tongrentang (Tongrentang Pharmaceutical Co., Ltd., Beijing, China). All herbal components met the Chinese Pharmacopoeia Standards 2016 upon testing. The formula of RLD included 9 herbs (Table 1) . which were premixed with water, decocted twice, and subjected to filtration and concentration (density is 1.25 at 60°C). Ethanol was collected from the supernatant. The extraction and preparation processes met the pharmaceutical standards proposed by Beijing University of Chinese Medicine. 
| Animals
| Modelling
The modelling method was based on our previous study with several modifications. [33] [34] [35] To be brief, the rats were exposed to passive smoking twice daily as follows: in the morning, 5 cigarettes Gui Zhi (Ramulus Cinnamomi) 3 9
Bai Zhu (Atractylodes macrocephala koidz) 2 6
Bai Shao (Radix Paeoniae Alba) 2 6
Wu Wei Zi (Fructus Schisandrae Chinensis) 2 6
Fang Feng (Saposhnikovia divaricata (Turcz.) Schischk) 2 6
Mai Dong (Ophiopogon japonicus (Linn. f.) Ker-Gawl) 2 6
Gan Cao (Glycyrrhizae Radix) 1 3
Total 87 a day). The model group (COPD group) was established with the description above. On the 12th week, intragastric administration of RLD (3.65 g/kg) or dexamethasone (Xianju Co., Ltd., Zhejiang, China; 0.81 mg/kg) diluted with 3 mL of PBS was conducted. An equal quantity of normal saline was administered to the normal group. This process was performed for 2 weeks. Thereafter, the rats were sacrificed, and bronchoalveolar lavage fluid (BALF), serum, and lung tissue samples were collected.
| Enzyme-linked immunosorbent assay (ELISA)
Tracheal intubation was performed after injecting an anaesthetic into the rats. Then, the abdomen was opened, and blood was obtained from 
| Statistical analysis
Data are expressed as mean ± SD unless otherwise specified. One-way analysis of variance (ANOVA) was performed to compare the difference using SPSS17.0 (version 17.0, SPSS, Inc., Chicago, IL, USA) software and Graphpad Prism 5.0. A statistical difference was accepted at a P-value of <0.05.
3 | RESULTS
| RLD improves cigarette smoke-induced lung injury
To examine the effect of RLD, a special Chinese medicinal compound preparation, we established a COPD rat model by using intravenous infusion of LPS and cigarette smoke exposure. The rats were further treated with RLD, and the disease index was assessed. Tissue morphological analysis was performed to determine the protective effect of RLD on cigarette smoke-induced emphysema in rats. As shown in Figure 1A , exposure to cigarette smoke-induced emphysema in rats, and bronchiole wall thickness, small pulmonary vessel wall thickness, bronchiole stenosis, and alveolar diameter increased. RLD treatment alleviated the severity of cigarette smoke-induced emphysema, similar to the effect by dexamethasone and ERK inhibitor PD98059. Histopathological analyses on the morphological damage demonstrated that the COPD rats had a higher degree of inflammatory cell infiltration than the control group (P < 0.01). Inversely, the inflammatory degree in the dexamethasone group and PD98059 was alleviated (P < 0.01), and airway inflammation in RLD was ameliorated (P < 0.05), indicating that RLD functioned similarly to the inhibitors of inflammation. These FIGURE 2 Phosphorylation levels of ERK are reduced after RLD treatment. A, Expression levels and locations of p-ERK in lung tissues were analysed through immunohistochemistry. Brown positive expression was exhibited at the bronchial wall and alveolar septum. After RLD treatment, the positive expression of phosphorylation was reduced. B, Semiquantitative analysis of p-ERK in lung tissues and intergroup comparison were conducted. RLD treatment effectively inhibited the phosphorylation levels of ERK. C, D, The ratios of p-ERK/total ERK in COPD were significantly increased. The total expression levels of ERK were the same during the treatment. After RLD treatment, the phosphorylation levels of ERK were effectively inhibited. The data are expressed as mean ± SD. One-way ANOVA was adopted for statistical analysis. The NewmanKeuls method was used for the intergroup comparison ( ** P < 0.01 compared with the normal group, ## P < 0.01 compared with the model group; n ≥ 3). Abbreviation: IOD denotes integrated optical density results suggest that RLD significantly reduced the emphysema and inflammation induced by cigarette smoke. 
| RLD inhibits lung inflammation and ERK phosphorylation
| RLD inhibits the expression of Nrf2 induced by lung inflammation
Nrf2 is an important determinant of susceptibility to cigarette smokeinduced emphysema. 18 To examine whether RLD plays a role in Nrf,
we performed Western blot analysis and discovered that cigarette smoke exposure upregulated the protein expression of Nrf2. On the contrary, the expression of Nrf2 was downregulated after RLD treatment ( Figure 3 ). These results suggest that RLD suppresses the expression of Nrf.
| RLD attenuates oxidation in COPD rats induced by cigarette smoke
To further observe the effect of RLD on inflammation-induced oxidant stress, we examined the level of 8-hydroxydeoxyguanosine (8-OHdG) and 4-HNE, which are critical markers of DNA damage, as well as glutathione (GSH), an important antioxidant that is converted into GSSG after oxidation. The results showed that the GSH level in COPD rats was significantly lower than that in the normal group, and the GSSG level was higher (P < 0.01). The levels of 8-OHdG and 4-HNE were higher in the COPD group than in the control group. RLD treatment significantly increased the levels of GSH and the ratio of GSH/GSSG and decreased the levels of 8-OHdG and 4-HNE ( Figure 4 ). As a positive control, we used PD98059 and dexamethasone to treat the rats and observed a similar effect as the RLD treatment ( Figure 4 ).
These results suggest that RLD inhibits oxidation in COPD rats.
FIGURE 3 Nrf2 levels are reduced after RLD treatment. A, The expression levels and locations of Nrf2 in lung tissues were analysed through immunohistochemistry. Brown positive expression was exhibited at the alveolar septum. After RLD treatment, the positive expression of Nrf2 was decreased. B, Semiquantitative analysis of Nrf2 in lung tissues and intergroup comparison were conducted. RLD treatment effectively downregulated the levels of Nrf2. C, D, Quantitatively detected expression of Nrf2 in COPD was significantly increased. After RLD treatment, the levels of Nrf2 were effectively decreased. The data are expressed as mean ± SD. One-way ANOVA was adopted for statistical analysis. The Newman-Keuls method was used for the intergroup comparison (**P < 0.01 compared with the normal group, ##P < 0.01 compared with the model group; n ≥ 3). Abbreviation: IOD denotes integrated optical density FIGURE 4 Influence of RLD on GSH, GSSG, 8-OHdG, and 4-HNE of COPD serum. A, The GSH concentration of the COPD group was significantly lower than that of the normal group. The GSH concentration increased after RLD treatment. B, The GSSG concentration of the COPD group was higher than that of the other groups. The GSSG level decreased after RLD treatment. C, The GSH/GSSG ratio after RLD treatment was higher than that in the COPD group. D-E, The 8-OHdG and 4-HNE levels of the COPD group were higher than those of the normal group. The 8-OHdG and 4-HNE expression levels decreased after RLD treatment. The data are expressed as mean ± SD. One-way ANOVA was adopted for statistical analysis. The Newman-Keuls method was used for the intergroup comparison (**P < 0.01 compared with the normal group, # P < 0.05, ## P < 0.05 compared with the model group; ++P < 0.01 compared with the PD98059 group, △ P < 0.05, △△ P < 0.01 compared with the dexamethasone group; n ≥ 6) 
| DISCUSSIONS
Oxidative stress and inflammation play a key pathogenetic role in COPD onset and progression. 37 Cigarette smoking is the major risk factor for developing COPD and the major source of oxidants/reactive oxygen species (ROS) in the lungs and body. 38, 39 The oxidants included in cigarette smoke can directly injure cells and tissues, inactivate defence mechanisms, and initiate inflammation. In our study, we observed that RLD effectively improved the oxidative stress response of COPD rats. As GSH, which is converted into GSSG by GSHPx, is the most abundant antioxidant, we observed its changes during the treatment of COPD rats with RLD. While the level of GSH was decreased, we also observed that the ratio of GSH/GSSG became low ratio and GSSG was increased after treatment with RLD. Correspondingly, the amounts of 8-hydroxy-2′-deoxyguanosine (8-OHdG), a marker for assessing oxidative DNA damage, and 4-HNE, a marker of lipid peroxidation, were reduced dramatically. These results indicate that RLD improved the oxidative stress response by decreasing the oxidative DNA damage and lipid peroxidation in COPD rats.
Macrophages and neutrophils are activated during COPD for the production of proinflammatory cytokines including TNF-α, IL-1, IL-6, and IL-8. In our study, we observed that the RLD-treated rats exhibited a reduction in inflammatory cell counts in BALF and improvement of histopathology induced by CS exposure. Correspondingly, we found that the proinflammatory cytokines were decreased by RLD treatment.
At the same time, we also observed that TGF-β was decreased in the RLD-treated rats. As TGF-β1 is highly expressed in the epithelium and macrophages of small airways in patients with COPD, [40] [41] [42] we proposed that RLD might function on the macrophages and epithelium.
Endoplasmic reticulum (ER) stress is believed to contribute to the pathogenesis of COPD. 43, 44 ERK, a branch in ER stress signalling pathways, activated Nrf2, which is a transcription factor and master regulator of the oxidative stress response system. 45 Regulating the activation of the Nrf2 pathway provides cytoprotection against oxidative or electrophilic disturbances. Accumulated data indicate that Nrf2-null cells possess lower GSH levels and higher ROS burdens than their equivalent wild-type cells. 46 During the development of COPD, ERK activation produces proinflammatory cytokines, such as TNF-α, IL-1β, and IL-6, which aggravate airway inflammation and destroy the normal alveolar structure. 47, 48 Our study showed that RLD treatment can downregulate the p-ERK protein expression. The decreased pERK may explain the role of RLD on the activation of the macrophages. Our data support a model that inhibition of ERK signalling could effectively inhibit the production of proinflammatory cytokines. On the other hand, our data showed that inhibition of ERK signalling also decreased the effect of DNA damage induced by the oxidation. Indeed, we found that RLD increased the concentration of GSH from the decreased status in the COPD rats. This increased GSH implied that RLD may relieve oxidative stress-induced DNA damage.
Chinese herbal medicines are widely applied to treat many pulmonary diseases. 
